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IEEE P1156.4  ENVIRONMENTAL STANDARD

BACKGROUND

● Space environment differs from commercial and military environments

* No standard “Space Environment” exists -- each space mission is unique and
erwirommellt~l  1..y tailored for each mission

● Futurebus+/S needed space environment defined -- activity accomplished
concurrent with development of IEEE 896.10

0 The Bus Architecture Standards Committee of the IEEE Computer Society
recognized. the need for an environmental standard for Spaceborne Computer
Modules that could be adapted to other spaceborne electronics

● Taken on as an additional task of the Futurebus+/S working group

ETM - 3/30/95 -3
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IEEE P1156.4  ENVIRONMENTAL STANDARD

DEFINING THE SPACE ENVIRONMENT (Cont.)

● Some Factors that influence the Space Environment:

● Mission Tv~e: Launch Vehicle, Satellite, Deep Space Probe

● Mission Duration: Few minutes to 13 years (or more)

● Orbit Altitude: LEO, MEO, GEO, Deep Space

● Orbit Inclination: Equatorial, J?rograde, Retrograde

● Orbit Shape: Circular, Elliptical, Sun Synchronous

● Launch Vehicle: Atlas, Delta, Titan, Shuttle, Ariane, Pegasus, etc.
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IEEE P1156.4 ENVIRONMENTAL STANDARD

SPACE ENVIRONMENT PERFORMANCE LEVELS

I

4.1 Performance Level I: Nominal environment, primarily intended for
missions with relatively benign thermal cyclic, mechanical and radiation
environments. This is the least demanding of the three levels. A short lived
low earth orbit spacecraft placed into orbit  by a launcher with a “soft  ride”
might be a typical application.

4.2 Performance Level II: Extended exposure environment, primarily intended
for missions of longer duration with more severe thermal cyclic, mechanical
vibration and radiation environments. This performance level has more
demanding requirements than level I, but less demanding requirements than
level 111.

4.3 Performance Level III: Extended exposure environment with severe thermal
cycling and radiation environment. Although some requirements may overlap
level II (notably shock and vibration), other requirements are more severe than
the other two levels.
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IEEE P1156.4  ENVIRONMENTAL STANDARD

APPLICATION

o OriginaHy  designed to provide general  environmental withstand conditions
for the space application profile of Futurebus+.

● Since it does specify minimum environmental “w~LILsLa.L● *A * m d ~~p,ditieu.s  applicable
to Spaceborne Computer Modules (and all components attached tO the
modules), it could also apply to spaceborne electronic equipment in general. If
specifications are less restrictive than those listed in PI156.4 -- neither supplier
nor user may claim compliance to PI156.4.
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IEEE P1156.4  ENVIRONMENTAL STANDARD

TEST APPROACH

● Performance levels contained in standard:

● Non-operational: Temperature, Pressure, Relative Humidity I

● Operational: Temperature, Pressure, Delta Pressure, Relative Humidity,
Pyrotechnic Shock, Random Vibration, Radiation (Total Dose, SEE, etc.),
Electromagnetic Interference, and Electromagnetic Compatibility

● Military Specification Test Procedures identified consistent with accepted
space industry practice:

● Qualification: Functional, Pyroshock, Random Vibration, Thermal
Cycling, Thermal Vacuum, Relative Humidity, ENII/EMC

● Acceptance: Functional, Random Vibration, Thermal Cycling,
Burn In
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11;1;1{
Std 1’1156.4

}l]l\~ir(JIllllc’[ltal Specifications for
$$accbornc Cmnpu ter Mod LI ] es

6.1 Non-operating Conditions

~Olll]>Ll[Cl  II1O(ILI]CS and com]mncnts  shall withstand, withoul  damage, t h e  nol)-opcmting  Cnvironnlcnla]
spccifica(ions  Iis(cd  in table 1 and dcscribcd briefly below. All testing shll lIC pcrfhmcd without a shipping
conlaincr un]css (Jthcrwisc spccif’icd.

6.1.1 Temperature

The module shall wi[hs(and  external ambient tcmpcraturc  as low ai -34°C,  and as high as 7 I W for all performance
Icvcls.

6.1.2 Pressure

The nl(x]LIlc shal] wilhstand  the ambicat prcssLIrc  rcquircmcnts  for al] pcrformanc’c  Icvcls as shown in [able ].

6.1.3 Relative humidity

~’hc nlodLI]c  sha]i withstand rc]a(ivc hLlnlidity ranging from ZCro  to 95%, with no condensation for al] pcrfmmncc
lCVCIS.

l’alamctcr

‘i’CIIll)Cl’:ltLIJ’C

1’U3SSLIJ’C

Rcla(ivc }Iumi(iily

Table 1- Non-operating conditions
——-——.

I
—-——

‘1’cst 1 .Cvcl I
NoJnina]

— - — — .—  —— ——————

QLadificalioa -34°C 10 +71°c

Acccptancc Sanlc as QLla]
—.——. —.——

Qualification <11)-5 Torr

Acccl>tancc .Samc as <)ual
———. ———

Qualificatiml 0 to 95%,
NoncoJl[icnsing

ACCCp(:LIICC NA I
—-—— —.——

I.cvcl II
I;xtcndcd ]klmurc
— —  .-. —

-34”( to+71 ‘c

Same as Qual

I.cvci 111
I ixtcn(ic(i w/
Scvcrc Rad.

TIlcrlllal  Cycics

-44°c  to +81 ‘c

Same as QLI:Ii

<11:-5 I’OJ’I

Same as QLIal

S1 11-5 Tow

Same as Qu:I1

(1 to 95%,
Nonconcicnsin:

NA
. —  — . .

O to 95%,
NoncoJK]cnsiIlg

NA

6.2. Operating Conditions

~onlputcr  moduics  aJI(i conlponcJI(s  shail w i th s t and  aJld maiJ~tain normal opclation  w h e n  sLIbjcclcci to the
cllviioll]]]cl]t;il  withstand conditions aa(i tcs(s  listcci in tabics 2,3, anti 4, and discussed briclly below.

6.2.1 Tcmpcraturc

~’hc nlociLIic sha] i meet aii pcrforlnancc rC(lUirClllCtL(\  while Operating with a llloLlnt  inp sLIIfacc lCl)lpCIalUrC  bctwccn
the limi[s ]istcd in (able 2.

copyright  @ 1994 II il}l;. Ail i ights  rcscrvc(i.

This is an L]napprovcd  II ;Iil; S(andard 1 h’afl, sLIbjcct  10 cbangc.
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Parameter

-

~ermaV Vacuum

rherrnal Cycles

Table 2- C)perating conditions-thern~al

Test

~ualitication
Levels

Cycles

Dwell Duration

Transition Rate

—..

acceptance
Levels

Cycles

Dwell Duration

Transition Rate

qualification
I,evels

Cycles

Plateau l)well
Duration

Hota

Cold
Transition Rate

-—

4cceptance
Levels

Cycles

Dwell I)urationh

Transition Rate
—-—-

L.,evel  1
Nominal~-

34”cto+71°c

lne Cycle

144hrshotl
~4 hrs co]d

Z30QC per hr and
10 more than 1 O°C
In any one minute
-——

-34°C to + 71°C

One Cycle

60 h hoti
i b cold

g30°C per hr and
tro more than 10°C
in any one minute

., ——-

-34°c to + 71°c

200

1 hour
Note b

up to 10°Umin
.,——-

-34°C to +71”C

One Cycle

Thermal
equilibrium

up to 1 O’Umin

——

Level 11

34°cto+710c

he Cycle

A4hrshotl

!4 hrs cold

<300c pw hr and
lo more than 10“C
n any one. minute

.34°c to +71°c

one Cycle

60 h hotl
1 hrs cold

g30°C per hr and
10 more than 1 O“C
n any one minute

~. —

-34°C 10+ 71°c

500

1 hour
Nole b

up to 1 O°Cfmin
.—. —  —

-34°c to+ 71°c

One (:ycle

Thermal
ecfuillbrium

up m I O°C/min

L,evel  111
Extended WI

Severe Radiation

34°c to+ 71°C

he Cycle

g30°C per hr and
no more than 10°C
in any one minute
-.

-34c’cto  + 71°c

one cycle

60 hrs hoti
3 hrs cold

g30°C per hr and
no more than 10°C
in any one minute

-34”(:  10+ 71”C

10(K)

1 hou!
Note b

up to 1 O°CYmin

-34°C to -t 71°c

One Cycle

Thermal
equilibrium

up m 1 O°C1n)in

a Minimum duration can be based on the appropriate failure physics.  - See suggested practices Section
8.1, Thermal

b M1ni~um ti~le, based on duration of functions] test.

.——— ——- -—— -—- -————— .—— —.
Copyright G 1994 IRE}:. All rigll[s  reser\’ed.

This is an unapproved IEEE Standard Draft,  subject to chan:c.
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IEEE }hvlrcmrnental  Specifications for
Stcl P1156.4 spaceborne  Computer Moclules

‘I’able 2- Operating conditions-thermal
(continued)

—. ——, .— ,——.
l--ewe] 111

Parameter Level 1 Level 11 Extended WI
Nominal Extend~Exposure Severe Radiation———~

Pressure <l E-5 ‘F’orr < lE-5  ~OIT sIE-5 Torr

< lE-5  ~OU <l E-5 ~011 sIE-5 Torr

Rate of Change of Qualification 55 Torr/sez 75 Torr/sm 100 Torr/sec
Pressure Acceptance Not Applicable Not Applicable Not Applicable

- —-

Relative Humidity Qualification o to 95%, o to 95%, o to 9590,
Noncondensing Noncondensing Noncondensing

Acceptance Not Applicable Not Applicable Not Applicable
- ——,

_— .—-— —— —.— .._— _ . .— —.. — . ..— —
Copyrigh[  @ 1994 IEEE. All rights  reserved.

This is an unapproved IFXE Standard IXaf[, subjcc[ to change.
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Ilnviro]l]lle~ltal  Specifications for
Spacelmr]~c~ Cmnputer  Modules

l’al”ammr

Table  3- Operating conditions-dy]lalnics

TICS(

—= ==-

QLIOI i ficati(m

Acccp(ancc
— — _

Qualification

Acccpkmcc

— .  — _ , _

1 .evcl 1
Nmninal——. ——.

15 G al 100 117,;
1500 ~ ftom ] kHy
[0 10 kIIz,; ~’hrcc
shocks in cacll ~1
three ~r[hogonal

axes, for a total O)
9 shocks

NA
-— _ _
0.032 G2/]lz at 2~

117; 0.2 (i’%?.
‘! ’0111  50 to 80(J Hz
0.032 C#mz :1( 2
kHz; 2’2,3 Gl,,ll$
overall; ?’hrcc.

ninutcs in each of
lhf’cc orthogona]

ax(’s

~.016 G2/Hz at 2(J
11X;  0.1 (3%17

‘011) 5010800 Hz;
).016 G2/}lz a( 2
kFI~; 11.1 Grll)$

Overall; [)llc
l]in Lltc in each of
hrcc orthogonal

axes
——- _ _

——..._

I ,Cwl 1 I
I ~x(cll(lcd  1 ixpo&i—_—.

30 G at 100 }17,;
3000 [i from ] kl ]

tO 10 k}lz; l’hrcc
shocks in cacll of
three orthogolla]

axes, for a total o
9 shocks

NA
— —  .  .  . . _
0.125 G2/}IY,  [I(  2(

HZ; ().8 G’%}IZ
rom 50 to 8001 fz
().1 25 G2/JIY  ;II 2
kH~; 31.5 Gro)s
OVCI al];  q’ht Cc

niautcs in each of
lhrcc orlhogolla]

axes

1.064 G’%]x :1( ’20
11x; ().4 G2/J]/,

Om 50 m 800 }17,;
).064 G’%]z :112
kHz; 15.7 G,,,,s

Ovclal]; OI)C
Iniau(c in c:icl I Of
hrcc or(hog(~n:]l

axes
—.—.—_

71 ix[clldcd w/
Scvcrc I{:l(]ia(ion

30G at 100}Iz;
3000 G from I kIJ~

[() 10 kH~,; Three
shocks in cacl] of
Ihfcc  {)r(hogo])a]

axes, for a total  of
9 shocks

NA

0.125 G2/IIY,  al 20
}1%; 0.8 G%lZ

I_rO])~  50 (O 800  HZ;

0.125 G2/IIZ at 2
kllz;  31.5 Grll,s
ovcral I; Tt~rcc

llitlLl(cs  in each of
three (Mhogona]

axes

).064 G%IZ  :1( 20
}Iz; ().4 G2/J]z,

mm  50 to goo ~J~;
0.064 G2/Ilz  at 2
kllz;  15.7 Gr,),s

Ovcl’al] ; OJ)C
ninulc in each of
[hrcc Orthogonal

axes

Copyrigl]t  O 1994 llilili. All ] igh(s rcs~tvc(l,
This is an unapprovc(l  II;[iIi  Slaadarcl  I)rafl, sut)jccl  10 change.
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Table 4- Radiation conditions

Parameter

Total Radiationa

Dose

Module SEU Rateb

Transient Upset
Rate

Transient
Surv ivab i l i t y

SELC

Neutron Damage

Tesl =-L- Level 1
Nominal~—

Qr.raliflcalion 20 Krads

Qualification

+

S3X 10-3
SEUs/Day

—  —., —.—

Qualification I Not Applicable

Qualification Not Applicable

.+

Qualification Not Permitted
— .  — ——.

Qualification Not Applicable

Level  11
Extended Exposure

100 Krads

. — —..—

<7x 10-6 SEUs/day

. ———

Not Applicable

Not Applicable

——

Not Pem~itted
—  —..

Not Applicable

—. -—

Level III
Extended WI

Severe Radiation

1 Megarads

<7x 10-6 SEUs/day

1x109 rad/s

lx1012rad/s

Not Permitted

5E12
Neutrons/cm 2

(1 MeV equiv. )

a The use of additional shielding to reduce the radiation level to qualify parts is accc.ptable with sufficient and demonstrable
anal ysis considering the specific orbit in question.

b  M~u]e  s~u ra~e5 are ~Pclfied  Whit. are d~~ndenl  on ~orn~,nertt  se]~lions. Qualification  of conlponen[s  f O r  SEU

depends on the source of the panicles and thus the orbi(.  Level I SEUS are assunled  to be due to energelic protons at the
South Atlantic Anomaly and cosmic-ray heavy ions over the poles. Testing with hc.avy  ions with sufficient range [o penetrate
the active area of integrated circuit with LETs above 1 hfeV/mg/c~n2  with exposure to at least lx 106 particles/cm2  per data
point with enough data points to determine the SEU threshold (or maximum value where no SEUS  were observed) and
saturation cross-section with sufficient accuracy to pem~it  the SEW rate to be accurately assessed using commonly applied
mcdeling techniques. Dccapping  will be neeessary. Testing with protons does not require decapping,  but must be perfom~ed
with energies greater than 30 MeV, with fluences of at least 1 x1010 particles/cm2.  Total dose degradation (calculated from
the stopping power of t’~e promns and the fluence - at 30 MeV, 1x1010 protons/cm 2 results in an absorbed dose of 2.42 Krad
(Si) and the influence wr proton SW rate will be monitored

c The qualification level is a demonstration of no SEL with expomre to 1 x 107 par(icles/cm2  particles of sufficient rapge to
penetrate (he active area of the integrated circuii  and with an 1 ET of greater than 40 MeV/rrlg/cm2.  SEL that is non-
destructive or does not impact long term reliability qualifies as long as a work-around technique is demonstrated that does not
impact overall system reliability.

——. ..— —_—— —— -- -----  ---- .——.. —. ———.  ———
(opyri~ht  @ 1994 IEEE.  All rights reserved.

This is an unapproved 11:1% Standard Draf[, subject to change.
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ACCELERATKX4  SWCTRAL  DENSITY - g%+z
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